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sFRP EXPRESSION ENHANCING AGENT 



TECHNICAL FIELD 

[0001] The present invention relates to an agent for enhancing the expression and/or 
function of sFRP (secreted frizzled-related protein), containing a compound having an 
effect of enhancing the expression and/or function of Dig (discs large). Further, the present 
invention relates to an agent for inhibiting tumor formation, containing the agent for 
enhancing the expression and/or function of sFRP. Furthermore, the present invention 
relates to an agent for preventing and/or treating a tumor disease, containing the agent for 
enhancing the expression and/or function of sFRP. Further, the present invention relates to a 
method of enhancing the expression and/or function of sFRP, comprising enhancing the 
expression and/or function of Dig. Furthermore, the present invention relates to a method of 
inhibiting tumor formation, comprising using the agent for enhancing the expression and/or 
function of sFRP, or using the method of enhancing the expression and/or function of sFRP. 
Further, the present invention relates to a method of preventing and/or treating a tumor 
disease, comprising using the agent for enhancing the expression and/or function of sFRP, 
or using the method of enhancing the expression and/or function of sFRP. Furthermore, the 
present invention relates to a method of identifying a compound, comprising using a non- 
human mammal which is deficient in one of Dig alleles. Further, the present invention 
relates to a method of identifying a compound, comprising using a cell originating in a non- 
human mammal which is deficient in one or both of Dig alleles. Furthermore, the present 
invention relates to a non-human mammal which is deficient in one or both of Dig alleles, 
and to a cell originating in the non-human mammal. Further, the present invention relates to 
a method of examining a tumor tissue or a tumor cell, comprising measuring the expression 
and/or function of Dig gene and/or Dig. 



BACKGROUND OF INVENTION 

[0002] Dig gene is found to be expressed ubiquitously in many tissues and cells. Dig gene 
encodes a protein (hereinafter, may be referred to Dig) which is reported to bind to APC 
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(adenomatous polyposis coli) via the C-terminal XVT motif of APC (Non-Patent Reference 
1). APC gene was isolated as a responsible gene for familial adenomatous polyposis 
(hereinafter, may be referred to FAP). An abnormal APC gene has been detected in FAP 
and also in many cases of sporadic colorectal tumor. This suggests that the abnormal APC 
gene may be an important factor for onset of colorectal cancer. In addition, over-expression 
of APC blocks cell cycle progression. The expression of both Dig and APC was found in rat 
colon epithelial cells and at the synapse in cultured hippocampal neurons. These findings 
suggest that the Dlg-APC complex may participate in regulation of both cell cycle 
progression and neuronal function. 

[0003] APC gene encodes a large protein of 300 kDa (hereinafter, may be referred to 
APC) which forms a complex with P-catenin and negatively regulates Wnt/Wingless signal 
(hereinafter, may be referred to Wnt signal) transduction pathway. The Wnt signal was 
found as a signal transduction system involved in regulation of morphogenesis, and is 
known to participate in numerous events including development, regulation of stem cell 
differentiation, and tumor formation. Recently, the Wnt signal was reported to be an 
important factor for stem cell in its proliferation regulation and survival (Non-Patent 
References 2 and 3) Q 

[0004] The Wnt signal induced by Wnt ligand is transduced into a cell via a frizzled 
membrane receptor (hereinafter, may be referred to Fz) on the cell membrane. 
[0005] In recent years, a secretory protein that binds to both Fz and Wnt, namely sFRP, 
was found out (Non-Patent Reference 4). sFRP binds to Fz and Wnt outside a cell and 
works as an antagonist of the Wnt signal, and thereby participates in regulation of the Wnt 
signal (Non-Patent Reference 5). In addition, it was reported that the sFRP function was 
reduced in a colorectal cancer cell due to methylation of sFRP gene and that restoration of 
the sFRP function in a colorectal cancer cell induced reduction of the Wnt signal in the cell 
(Non-Patent Reference 6). 

[0006] Non-patent Reference 1: Matsumine, A. et aL, Science, 1996, Vol. 272, p. 1020- 
1023. 

Non-patent Reference 2: Willert, K. et al., Nature, 2003, Vol. 423, p.448-452. 
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Non-patent Reference 3: Reya, T. et al., Nature, 2003, Vol. 423, p.409-414. 
Non-patent Reference 4: Kawano, Y. et al., Journal of Cell Science, 2003, Vol. 116, 
p.2627-2634. 

Non-patent Reference 5: Jones, S.E. et al., BioEssays, 2002, Vol. 24, p.81 1-820. 
Non-patent Reference 6: Suzuki, H. et al., Nature Genetics, 2004, Vol. 36, p.320- 
322 (published online on March 14, 2004). 

DISCLOSURE OF THE INVENTION 

[PROBLEM TO BE SOLVED BY THE INVENTION] 

[0007] Dig gene is considered to be a tumor suppressor gene in view of the report showing 
that Dig gene deficiency in drosophila resulted in neuroblastoma formation. Further, Dig is 
considered to relate to the Wnt signal, since Dig binds to APC that participates in regulation 
of the Wnt signal involved in tumor formation. However, there are no reports that show Dig 
gene acting as a tumor suppressor gene in a mammal. In addition, there are no reports 
demonstrating the relation of Dig to the Wnt signal. 

[0008] Elucidation of the effect of Dig in a mammal and of its effect mechanism allows 
regulation of the expression and/or function of Dig, and thereby allows development of the 
means for preventing or treating an abnormal living body function or a disease which is due 
to Dig gene, Dig, and the abnormality thereof in expression or function. 
[0009] The object of the present invention is to provide a means for recovering an 
abnormal living body function due to Dig gene, Dig, and the abnormality thereof in 
expression or function, by regulating the expression and/or function of Dig. In addition, the 
object of the present invention is to provide a means for preventing or treating a disease due 
to Dig gene, Dig, and the abnormality thereof in expression or function. 
[MEANS FOR SOLVING THE OBJECT] 

[0010] The present inventors have concentrated their efforts to meet the aforementioned 
object and have generated Dig gene knock-out mice by means of genetic engineering 
techniques. Further, the present inventors found tumor formation in Dig gene heterozygous 
deficient mice and a significant association of Dig gene deficiency with the tumor formation. 
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Furthermore, the present inventors have found that Dig gene deficiency induced reduction 
in transcription products of both sFRPl gene and sFRP2 gene. The present invention has 
been thus achieved. 

[0011] In various embodiments, the present invention relates to an agent for enhancing the 
expression and/or function of sFRP, containing a compound having an effect of enhancing 
the expression and/or function of Dig. 

[0012] The present invention also relates to an agent for enhancing the expression and/or 
function of sFRP, containing at least one member selected from Dig, Dig gene and a 
recombinant vector containing Dig gene. 

[0013] The present invention further relates to the aforementioned agent for enhancing the 
expression and/or function of sFRP, wherein sFRP is sFRP2. 

[0014] The present invention still further relates to an agent for inhibiting tumor formation, 
containing the aforementioned agent for enhancing the expression and/or function of sFRP. 
[0015] The present invention also relates to an agent for preventing and/or treating a tumor 
disease, containing the aforementioned agent for enhancing the expression and/or function 
of sFRP. 

[0016] The present invention further relates to a method of enhancing the expression 
and/or function of sFRP, comprising enhancing the expression and/or function of Dig. 
[0017] The present invention still further relates to the aforementioned method of 
enhancing the expression and/or function of sFRP, comprising using at least one member 
selected from Dig, Dig gene and a recombinant vector containing Dig gene. 
[0018] The present invention also relates to the aforementioned method of enhancing the 
expression and/or function of sFRP, wherein sFRP is sFRP2. 

[0019] The present invention further relates to a method of inhibiting tumor formation, 
comprising using the aforementioned agent for enhancing the expression and/or function of 
sFRP. 

[0020] The present invention still further relates to a method of inhibiting tumor formation, 
comprising using the aforementioned method of enhancing the expression and/or function 
ofsFRP. 
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[0021] The present invention also relates to a method of preventing and/or treating a tumor 
disease, comprising using the aforementioned agent for enhancing the expression and/or 
function of sFRP. 

[0022] The present invention further relates to a method of preventing and/or treating a 
tumor disease, comprising using the aforementioned method of enhancing the expression 
and/or function of sFRP. 

[0023] The present invention still further relates to a method of identifying a compound, 
comprising using a non-human mammal that is deficient in one of Dig alleles, wherein the 
compound is any one of the following: 

(i) a compound having an effect of enhancing the expression and/or function of Dig; 

(ii) a compound having an effect of enhancing the expression and/or function of sFRP; and 

(iii) a compound that inhibits tumor formation. 

[0024] The present invention also relates to a method of identifying a compound, 
comprising using a cell originating in a non-human mammal that is deficient in one or both 
of Dig alleles, wherein the compound is any one of the following: 

(i) a compound having an effect of enhancing the expression and/or function of Dig; 

(ii) a compound having an effect of enhancing the expression and/or function of sFRP; and 

(iii) a compound that inhibits tumor formation. 

[0025] The present invention further relates to the aforementioned method of identifying a 
compound, wherein sFRP is sFRP2. 

[0026] The present invention still further relates to a non-human mammal that is deficient 
in one or both of Dig alleles. 

[0027] The present invention also relates to a cell originating in a non-human mammal 
that is deficient in one or both of Dig alleles. 

[0028] The present invention further relates to a method of examining a tumor tissue or a 
tumor cell, comprising measuring the expression and/or function of Dig in a test tissue or a 
test cell and detecting reduction or deletion of the expression and/or function in comparison 
to a normal tissue or a normal cell. 
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ADVANTAGE OF THE INVENTION 

[0029] The present invention can provide an agent for enhancing the expression and/or 
function of sFRP, an agent for inhibiting tumor formation containing said enhancing agent, 
and an agent for preventing and/or treating a tumor disease containing said enhancing agent. 
Further, the present invention can provide a method of enhancing the expression and/or 
function of sFRP, a method of inhibiting tumor formation, and a method of preventing 
and/or treating a tumor disease. These agents can be used for preventing and treating a 
tumor disease. These agents and methods can be utilized in elucidating the mechanism of 
Dlg-associated expression and/or function of sFRP and for elucidating the mechanism of 
Dig deficiency-associated tumor formation. 

[0030] Further, the present invention can provide a Dig deficient non-human mammal and 
a cell originating in said mammal, which allows execution of a method of identifying a 
compound having an effect of enhancing the expression and/or function of Dig, a compound 
having an effect of enhancing the expression and/or function of sFRP and a compound that 
inhibits tumor formation. The compound obtained by the present identification method can 
be used for an effective ingredient for the agent for enhancing the expression and/or 
function of sFRP, the agent for inhibiting tumor formation, and the agent for preventing 
and/or treating a tumor disease. In addition, the compound can be used for conducting the 
method of enhancing the expression and/or function of sFRP, the method of inhibiting 
tumor formation and the method of preventing and/or treating a tumor disease. 
[0031] Furthermore, the present invention can provide a method of examining a tumor 
tissue or a tumor cell, comprising measuring the expression and/or function of Dig. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] Figure 1-A is a diagrammatic representation of the Dig Locus (in the figure, 
referred to Dig Locus), targeting construct (in the figure, referred to targeting vector), and 
Dig gene (in the figure, referred to Dig recombinant) introduced by homologous 
recombination. Neomycin resistant gene (neo) was inserted into the Clal site by in-frame 
fusion. The Neomycin resistant gene was flanked by 0.8-kb and 8.5-kb homologous 
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sequence at 5' and 3' sides (shown by thick lines), respectively. The thin line indicates the 
sequences derived from pBluescript. The locations of 5' probe used for Southern blot 
analyses are given with the expected sizes of hybridizing fragment below. The marks in the 
figure are as follows: (B) BamHI; (C) Clal; (E) EcoRI; and (X) Xhol. The arrow and ATG 
indicates the start site of Dig coding region. (Example 1) 

[0033] Figure 1-B shows a representative Southern blot of tail DNA from Dig +/+ mouse, 
Dig +/- mouse, and Dig -/- mouse of the third filial generation detected by 5' probe. 
(Example 1) 

[0034] Figure 1 -C shows the result of genotype analysis of Dig +/+ mouse, Dig +/- mouse, 
and Dig -/- mouse of the third filial generation, using tail DNA from each mouse. In the 
figure, "wild-type" indicates wild type Dig gene, while "mutant" indicates mutated Dig 
gene. (Example 1) 

[0035] Figure 1 -D shows the result of Dig expression analysis in Dig +/+ mouse, Dig +/- 
mouse, and Dig -/- mouse of the third filial generation, using brain lysates of newborn mice. 
(Example 1) 

[0036] Figure 2-A shows the result of flow-cytometer analysis of the lymph node of Dig 
+/+ mouse, indicating that the lymph node contains almost no cells stained with a FITC- 
conjugated anti-CD56 antibody. In the figure, "FL1 -Height" indicates the staining intensity 
with the FITC-conjugated anti-CD56 antibody. The dots in the region shown by "R2" (in 
the figure, the region surrounded by a square on the right side) indicate the cells stained 
with the FITC-conjugated anti-CD56 antibody. The dots in the region shown by "R3" (in 
the figure, the region surrounded by a square on the left side) indicate the cells not stained 
with the FITC-conjugated anti-CD56 antibody. (Example 2) 

[0037] Figure 2-B shows the result of flow-cytometer analysis of the lymph node with 
tumor of Dig +/- mouse, indicating that the lymph node contains significantly increased 
number of cells stained with the FITC-conjugated anti-CD56 antibody. In the figure, "FL1- 
Height" indicates the staining intensity with FITC-conjugated anti-CD56 antibody. The dots 
in the region shown by "R2" (in the figure, the region surrounded by a square on the right 
side) indicate the cells stained with the FITC-conjugated anti-CD56 antibody. The dots in 
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the region shown by "R3" (in the figure, the region surrounded by a square on the left side) 
indicate the cells not stained with the FITC-conjugated anti-CD56 antibody. (Example 2) 
[0038] Figure 3 shows the reduced expression of both sFRPl and sFRP2 in an embryonic 
fibroblast (hereinafter, may be abbreviated to MEF) derived from Dig -/- mouse compared 
to MEF derived from Dig +/+ mouse. The analysis was carried out using an RNA sample 
extracted from each MEF by reverse transcription polymerase chain reaction (RT-PCR). 
Actin was used as an expression control. The MEFs (#33 primary and #44 primary) used 
herein were prepared from two strains of mice (#33 and #44). The immortalized MEF (#33 
immortalized) used herein was prepared from the #3 3 -derived MEF. These strains of mice 
were produced respectively from two clones that had been obtained by transfecting the 
targeting vector into an embryonic stem cell (may be abbreviated to ES cell). (Example 3) 
[0039] Figure 4 shows in the upper panel the examination result of Dig expression in each 
cell by Western blotting, and shows in the lower panel the examination result of expression 
of each mRNA of actin (control), sFRP2 and sFRPl by RT-PCR. In the figure, Dig +/+ 
MEF indicates Dig +/+ mouse-derived immortalized MEF, Dig -/- MEF indicates Dig -/- 
mouse-derived immortalized MEF, and Dig -/- MEF:Dlg indicates the cell prepared by 
transfecting Dig -/- MEF with Dig gene. The Figure 4 demonstrates the following findings: 
Dig +/+ MEF expressed Dig and also expressed mRNAs for both sFRP2 and sFRPl; on the 
other hand, Dig -/- MEF showed no expression of Dig and showed extremely low 
expression of sFRP mRNA in amount, particularly of sFRP2 mRNA, compared to Dig +/+ 
MEF; and transfection of Dig -/- MEF with Dig gene induced recovery of the expression of 
sFRP mRNA. (Example 3) 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] Embodiments of the present invention are explained in further detail below. 
[0041] In the present invention, Dig gene knock-out mice were generated by means of 
genetic engineering techniques (see Example 1). Further, it was found for the first time in a 
mammal that the reduced expression and/or function of Dig is an important factor for tumor 
formation 
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[0042] The phrase "Dig gene knock-out mice" means mice generated by making the 
individual deficient in only Dig gene. The term "Dig" means Dig protein. The phrase "Dig 
gene" means a gene encoding Dig. 

[0043] The term "expression" means that genetic information of DNA encoding a protein 
is transcribed into a mRNA, or that genetic information of DNA encoding a protein is 
transcribed into a mRNA and subsequently translated into an amino acid sequence of the 
protein. Namely, the phrase "expression of Dig" means that genetic information of DNA 
encoding Dig is transcribed into a Dig mRNA, or that genetic information of DNA 
encoding Dig is transcribed into a Dig mRNA and subsequently translated into an amino 
acid sequence of Dig. The phrase "expression of sFRP" means that genetic information of 
DNA encoding sFRP is transcribed into a sFRP mRNA, or that genetic information of DNA 
encoding sFRP is transcribed into a sFRP mRNA and subsequently translated into an amino 
acid sequence of sFRP. 

[0044] Dig gene knock-out mice with homozygous deficiency of Dig gene (hereinafter, 
referred to as Dig -/- mice) die shortly after birth, so that mature mice were not obtained, 
while embryo and new born mice were obtained. Dig was not detected in Dig -/- mice. 
Since Dig -/- mouse is deficient in both of Dig alleles, no transcription of Dig gene occurs, 
which results in no expression of Dig. Because of no expression of Dig, Dig -/- mice shows 
no function of Dig. On the other hand, as for Dig gene heterozygous deficient mice 
(hereinafter, referred to as Dig +/- mice), embryo, new born mice, and mature mice were 
obtained. Dig was detected in Dig +/- mice, but the amount thereof was lower than that in 
wild mice (hereinafter, referred to as Dig +/+ mice). 

[0045] Dig +/- mice showed formation of skin tumor and natural killer lymphoma along 
with the growth. In the skin tissue containing the tumor formed, Dig was detected in a 
normal muscle cell, but not in a tumor cell. This finding suggests that the tumor formation 
in Dig +/- mice may be due to the reduced expression and/or function of Dig resulted from 
Dig gene deficiency. Alternatively, it can be considered that natural mutation of Dig gene 
may easily occur in Dig +/- mice due to the deficiency in one of the alleles, which results in 
the abnormal expression of Dig, and thereby causes tumor formation. 
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[0046] Further, a mouse embryonic fibroblast prepared from Dig -/- mice showed a 
significant reduction of sFRPl mRNA and sFRP2 mRNA, compared to a MEF prepared 
from Dig +/+ mice. Particularly, the reduction was significant in sFRP2 mRNA. It was 
found that transfection of a Dig -/- mice-derived MEF with Dig gene for expression induced 
an increase of sFRP2 mRNA. This finding suggests that the reduction of sFRPl mRNA and 
sFRP2 mRNA in a Dig -/- mice-derived MEF may be due to Dig gene deficiency. 
Reduction of mRNA induces reduction of a protein that is generated from the mRNA by 
translation, which results in reduced function of the protein in a living body. 
[0047] The present inventors believe that the reduction in the expression and/or function 
of Dig induces the reduction in the expression of sFRP, particularly the expression and/or 
function of sFRP2. sFRP is known to have a function as a Wnt antagonist and work for 
regulating the Wnt signal (Xu Q. et ah, Development, 1998, Vol. 125, p.4767-4776; and 
Chang J.T. et al., Human Molecular Genetics, 1999, Vol. 8, p.575-583). 
[0048] Recently, it was reported that restoration of the function of sFRP family such as 
sFRP2 in a colorectal cancer cell induced reduction of the Wnt signal (Non-Patent 
Reference 6). This report also discloses that sFRP gene methylation is observed in many 
colorectal cancer tissues. There results suggested the presence of a mechanism of colorectal 
cancer formation such that sFRP gene methylation induces the reduction in the expression 
and/or function of sFRP resulting in the activation of the Wnt signal transduction pathway. 
It has already been reported that methylation of many genes is observed in genome DNA of 
cancer cells, which indicates the relation of DNA methylation to carcinogenesis. DNA 
methylation is a reaction caused by DNA methyl transferase comprising the addition of a 
methyl group to DNA at cytosine residues to form 5 -methyl cytosine. The methylated DNA 
is bound with MBP protein that is a protein capable of specifically binding to a methylated 
DNA, and then forms a complex with a transcriptional repressor including histone 
deacetylase, which results in deacetylation of histone. Consequently, chromatin structural 
change occurs and transcription is inhibited. Further, the binding of MBP protein inhibits 
demethylation of methylated DNA and maintains the methylated state, resulting in a stable 
inhibition of transcription. Namely, DNA methylation has a function of a switch for gene 
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transcription. For example, methylation of tumor suppressor gene inhibits transcription of 
the gene, which may lead to oncogene transcription. Further, release of oncogene from 
methylation, the transcription of which is normally suppressed by methylation, may initiate 
the transcription of the oncogene. 

[0049] Since sFRP has a function of regulating the Wnt signal, the mechanism of tumor 
formation due to Dig gene deficiency can be considered to include a cascade in which the 
reduced expression and/or function of sDlg inhibits the expression and/or function of sFRP 
resulting in an increase of the Wnt signal. Namely, Dig can be considered to be a factor 
located upstream of the Wnt signal transduction pathway regulated by sFRP, and to 
negatively regulate the Wnt signal by participating in the expression and/or function of 
sFRP. Therefore, the present inventors believe that Dig inhibits the tumor formation due to 
the activation of the Wnt signal. 

[0050] A mechanism of Dlg-related expression and/or function of sFRP can be considered 
that Dig regulates transcription factors or transcriptional regulatory factors which relates to 
the expression of sFRP. Alternatively, the other mechanism can be considered that Dig 
regulates sFRP gene methylation. For example of such a mechanism, it can be considered 
that Dig inhibits the function of DN A methyltransferase working for sFRP gene methylation, 
and thereby maintains the expression and/or function of sFRP to be in a normal state. 
[0051] Reduced expression and/or function of Dig inhibit the expression and/or function 
of sFRP, resulting in an increase of the Wnt signal and in tumor formation. The inhibition of 
the expression and/or function of sFRP is caused not only by the reduced expression of Dig 
and/or the reduced function of Dig due to the reduction of the expression, but also by 
mutation of Dig gene, abnormality in transcription/translation process of Dig gene, reduced 
function of Dig due to abnormality in protein modification process, or the like. 
[0052] The expression and/or function of sFRP, preferably the expression and/or function 
of sFRP2, can be enhanced by enhancing the expression and/or function of Dig. 
Consequently, it can be possible to inhibit the Wnt signal and to inhibit tumor formation. 
Further, it can be possible to prevent and/or treat a disease due to the activation of the Wnt 
signal, for, example, a tumor disease. 



11 



[0053] The term "function" means an inherent activity of a protein. In general, a protein 
exerts its function by contacting with the other substance, for example, the other protein to 
interact with. "Function of Dig" can be, for example, an activity to enhance the expression 
and/or function of sFRP via regulation of the mechanism that relates to the expression 
and/or function of sFRP. "Function of sFRP" can be, for example, an activity as a Wnt 
signal antagonist to negatively regulate the Wnt signal transduction pathway. 
[0054] The phrase "enhancing the expression and/or function of Dig" means to alter a 
state where the expression and/or function of Dig are almost not found to a state where the 
expression and/or function of Dig are found. Further, the phrase also means to alter a state 
where the expression and/or function of Dig are found to a state where the expression 
and/or function of Dig are increased further. 

[0055] The phrase "enhancing the expression and/or function of sFRP" means to alter a 
state where the expression and/or function of sFRP are almost not found to a state where the 
expression and/or function of sFRP are found. Further, the phrase also means to alter a state 
where the expression and/or function of sFRP are found to a state where the expression 
and/or function of sFRP are increased further. 

[0056] A compound that exerts an enhancing effect on the expression and/or function of a 
certain protein, or a composition including the compound may be referred herein to as 
"enhancing agent". 

[0057] The phrase "activation of the Wnt signal" means change in the extent of effect of 
the Wnt signal to be higher compared to a normal state. As a result of change in the extent 
of effect of the Wnt signal to be higher, cell proliferation, tumor formation, and the like, 
occurs. 

[0058] The phrase "inhibiting the Wnt signal" means to reduce or eliminate the Wnt signal. 
[0059] The phrase "inhibiting tumor formation" means to reduce or eliminate the 
generation and/or growth of tumor. 

[0060] A compound that exerts an inhibitory effect on the expression and/or function of a 
certain protein, or a composition including the compound may be referred herein to as 
"inhibitor". 
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[0061] The term "compound" is used for indicating a chemical or biological compound. 
The chemical or biological compound is not particularly limited, and includes polypeptide, 
polynucleotide, DNA RNA, protein, antibody, low molecular weight compound, and the 
like. 

[0062] The expression and/or function of Dig can be enhanced, specifically, by using a 
compound having an effect of enhancing the expression and/or function of Dig. Such a 
compound can be, for example, Dig itself, Dig gene or a recombinant vector containing Dig 
gene. Alternatively, a compound having an effect of enhancing the expression and/or 
function of Dig, which can be obtained by using an identification method of the compound 
constructed by employing a known pharmaceutical screening system, can be used as such a 
compound. A compound having an effect of enhancing the expression of Dig can be 
obtained by using Dig gene and an identification method generally used in screening a 
compound that enhances the expression of a gene, to select a compound having the effect 
from many compounds. A compound having an effect of enhancing the function of Dig can 
be obtained using the function of Dig, for example, the activity of enhancing the expression 
and/or function of sFRP as an index to select a compound having the effect from many 
compounds. Thus, a compound having an effect of enhancing the expression and/or 
function of Dig can be used for enhancing the expression and/or function of sFRP, and 
thereby, allows the inhibition of Wnt signal-mediated cell proliferation and tumor formation, 
and further allows the prevention and/or treatment of a tumor disease. 

[0063] The present invention provides an agent for enhancing the expression and/or 
function of sFRP, an agent for inhibiting tumor formation, and an agent for preventing and 
treating a tumor disease. All these agents comprise a compound having an effect of 
enhancing the expression and/or function of Dig. The agent for inhibiting tumor formation 
can be an agent comprising the present enhancing agent. The agent for preventing and/or 
treating a tumor disease can be an agent comprising the present enhancing agent. 
[0064] The present invention further provides a method of enhancing the expression 
and/or function of sFRP, a method of inhibiting tumor formation, and a method of 
preventing and treating a tumor disease. All of these methods comprise inhibiting the 
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expression and/or function of Dig. The present enhancing method can be conducted using a 
compound having an effect of enhancing the expression and/or function of Dig. The method 
of inhibiting tumor formation can be conducted using any one of the aforementioned 
compound, the aforementioned enhancing agent, and the aforementioned enhancing method. 
The method of preventing and treating a tumor disease can be conducted using any one of 
the aforementioned compound, the aforementioned enhancing agent, and the 
aforementioned enhancing method. 

[0065] sFRP of which expression and/or function is increased by the present invention 
may be preferably sFRPl and sFRP2, and may be more preferably sFRP2. 
[0066] A compound having an effect of enhancing the expression and/or function of Dig 
may be preferably exemplified by Dig itself, Dig gene, or a recombinant vector containing 
Dig gene. 

[0067] Dig can be a protein originating in all tissues, cells, and the like of a mammal such 
as human, mouse, rat, and the like. Specifically, for example, a human derived protein 
shown by the amino acid sequence set forth in SEQ ID NO: 2 in the sequence listing, or a 
mouse derived protein shown by the amino acid sequence set forth in SEQ ID NO: 4 can be 
preferably used. Dig is not limited to the protein shown by the amino acid sequence set 
forth in SEQ ID NO: 2 or SEQ ID NO: 4, and can be a protein containing the amino acid 
sequence, or a protein shown by an amino acid sequence having a homology with the amino 
acid sequence of about 70% or more, preferably about 80% or more, more preferably about 
90% or more, and even more preferably about 95% or more. Alternatively, Dig can be a 
protein shown by an amino acid sequence with a mutation, such as a substitution, deletion, 
addition, insertion, or the like, of one or more amino acids in the amino acid sequence. The 
number of mutated amino acids is, for example from 1 to 100, preferably from 1 to 30, more 
preferably from 1 to 20, even more preferably from 1 to 1 0, and still more preferably from 1 
to several in number. It is suitable for these proteins to have a function of Dig, for example, 
to be capable of enhancing the expression and/or function of sFRP, preferably of sFRP2. 
The extent of mutation of amino acids, the position of a mutation, and the like, are not 
particularly limited as long as the protein with a mutation is capable of enhancing the 
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expression and/or function of sFRP, preferably of sFRP2. Such a protein with a mutation 
may be a protein generated in nature, for example, due to mutation or post translational 
modification. Further, it may be a protein prepared by introducing a mutation into a natural 
gene. Techniques for introducing a mutation are known in the art. For example, known 
genetic engineering techniques can be used for preparing the protein. When introducing a 
mutation, in view of avoiding a change in the fundamental properties (such as physical 
properties, function, physiological activity, and immunological activity) of the protein, 
mutual substitution among homologous amino acids (polar amino acids, non-polar amino 
acids, hydrophobic amino acids, hydrophilic amino acids, positively-charged amino acids, 
negatively-charged amino acids and aromatic amino acids, or the like) may be readily 
conceived. 

[0068] Dig can be prepared from mammalian tissues or cells in which the expression of 
Dig has been found, by purifying it using a known protein purification method. In such a 
procedure, at first, mammalian tissues or cells are homogenized and then subjected to 
extraction of a protein with acid, organic solvent, or the like. Subsequently, Dig is isolated 
and purified from the obtained extract solution using a known purification method. An 
isolation/purification method is exemplified by ammonium sulfate precipitation, 
ultrafiltration, gel chromatography, ion-exchange chromatography, affinity chromatography, 
high performance liquid chromatography, and dialysis. These methods may be used 
independently or in suitable combinations. It is preferable to employ a method of specific 
absorption using a specific antibody to Dig which is prepared using Dig or its fragment by 
known antibody preparation method. Specifically, affinity chromatography that utilizes a 
column bound with specific antibodies can be used. 

[0069] Dig can also be produced according to conventional chemical synthesis methods. 
For example, methods described in the publications ("peptide synthesis", Maruzen Co., Ltd., 
1975; and "peptide synthesis", Interscience, New York, 1996) can be used as chemical 
synthesis methods for proteins. However, chemical synthesis methods for proteins are not 
limited to the methods exemplified in the above, and any known methods can be used. 
Specifically, solid phase synthesis, solution phase synthesis, and the like, are known, and 
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any of these methods can be used. More specifically, these kinds of protein synthesis 
methods include a so-called stepwise elongation method that sequentially binds each amino 
acid, one at a time, to elongate a chain based on the amino acid sequence information, and a 
fragment condensation method that previously synthesizes fragments consisting of several 
amino acids and subsequently subjects the respective fragments to a coupling reaction. Dig 
can be synthesized by either of these methods. A condensation method used for the 
aforementioned protein synthesis methods can also be carried out according to conventional 
methods. Examples of condensation methods include an azide method, mixed anhydride 
method, DCC method, active ester method, oxidation-reduction method, DPPA 
(diphenylphosphoryl azide) method, DCC + additive ( 1 -hydroxybenzotriazole, N- 
hydroxysuccinamide, N-hydroxy-5-norbornane-2,3-dicarboxyimide, and the like) method, 
and Woodward's method. Dig obtained by chemical synthesis can be suitably purified in 
accordance with various kinds of conventional purification methods as described above. 
[0070] Dig can also be produced based on the nucleotide sequence information of Dig 
gene by using conventional genetic engineering techniques (Muramatsu Masami., Ed., 
"Labomanual Genetic Engineering", 1988, Maruzen Co., Ltd.; Ehrlich, H. A., Ed., PCR 
Technology. Principles and Applications for DNA Amplification, 1989, Stockton Press; and 
Ulmer, K.M. Science, 1983, Vol. 219, p.666-671). For example, Dig can be produced using 
a transformant transformed with a recombinant vector containing Dig gene, by subjecting it 
to induction of Dig expression and then collecting Dig from the transformant. Further, as 
desired, Dig can be purified from a cultured medium used for culturing the transformant or 
from the transformant, by the isolation/purification methods as described in the above. 
When Dig is expressed in the transformant transformed with a recombinant vector 
containing Dig gene or on its cell membrane, Dig may be extracted from the disrupted 
transformant. Further, when Dig is secreted outside the transformant transformed with a 
recombinant vector containing Dig gene, the cultured medium can be used as it is, or the 
cultured medium after removing the transformant by centrifugation, and the like, can be 
used. Further, as desired, Dig can be purified from a cultured medium used for culturing the 
transformant or from the transformant, by the isolation/purification methods as described in 
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the above. Further, Dig can be produced using a recombinant vector containing Dig gene by 
employing a known cell free protein expression system (Madin, K. et al., Proceedings of 
The National Academy of Sciences of The United States of America, 2000, Vol. 97, p.559- 
564). 

[0071] Dig gene is specifically exemplified by a human derived DNA shown by the 
nucleotide sequence set forth in SEQ ID NO: 1 in the sequence listing, or a mouse derived 
DNA shown by the nucleotide sequence set forth in SEQ ID NO: 3. Dig gene is not limited 
to the DNA shown by the nucleotide sequence set forth in SEQ ID NO: 1 or SEQ ID NO: 3, 
and can be DNA containing the DNA, or DNA having a homology with the DNA of about 
70% or more, preferably about 80% or more, more preferably about 90% or more, and even 
more preferably about 95% or more. Alternatively, Dig gene can be DNA shown by a 
nucleotide sequence with a mutation, such as a substitution, deletion, addition, insertion, or 
the like, of one or more nucleotides in the nucleotide sequence, or by the complementary 
nucleotide sequence. The number of mutated nucleotides is, for example from 1 to 100, 
preferably from 1 to 30, more preferably from 1 to 20, even more preferably from 1 to 10, 
and still more preferably 1 to several in number. The extent of mutation, the position of a 
mutation, and the like, are not particularly limited as long as the DNA with a mutation 
encodes a protein having a function of enhancing the expression and/or function of sFRP. 
Such DNA with a mutation may be natural DNA, or may be DNA with an induced mutation. 
Further, it also may be DNA prepared by introducing a mutation into a natural gene. 
Techniques for introducing a mutation are known in the art, such as site-directed 
mutagenesis, genetic homologous recombination, primer extension, PCR, and the like. 
These methods can be used independently or in suitable combinations. For example, 
methods described in publications (Muramatsu MasamL, Ed., "Labomanual Genetic 
Engineering", 1988, Maruzen Co., Ltd.; and Ehrlich, H. A., Ed., PCR Technology. 
Principles and Applications for DNA Amplification, 1989, Stockton Press) or modified 
methods thereof can be used for conducting the introduction of a mutation. In addition, 
Ulmer's techniques (Ulmer, K.M. Science, 1983, Vol. 219, p.666-671) can also be utilized. 
[0072] Dig gene can be acquired by preparing a cDNA library in accordance with 
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conventional methods from a suitable source in which the expression of Dig was found, and 
then selecting a desired clone from the cDNA library. As a cDNA source, various kinds of 
cells and tissues in which the expression of Dig was found, or cultured cells derived from 
these cells and tissues can be used. Since Dig gene is expressed ubiquitously in many 
tissues and cells, various kinds of tissues and cells can be used for the cDNA source. For 
example, brain tissue, skin tissue, colon tissue, or the like, may be preferably used. 
Alternatively, cells derived from these tissues may be preferably used, as well. Isolation of 
total RNA from these sources, isolation and purification of mRNA, acquisition of cDNA 
and the cloning thereof, and the like, can each be performed in accordance with 
conventional methods. It is also possible to use a cDNA library that is constructed from 
commercially available polyA + RNA derived from human brain, fetal brain or cerebral 
hippocampus. A method of selecting a desired clone from a cDNA library is not particularly 
limited, and any of the methods generally used can be employed. For example, selection of 
a desired clone can be performed by using a probe or primer capable of selectively 
hybridizing to Dig gene. Specifically, a plaque hybridization method, colony hybridization 
method, or the like, which uses a probe capable of selectively hybridizing to Dig gene, or a 
combination of these methods can be employed. As a probe or a primer, a polynucleotide 
chemically synthesized based on the sequence information of Dig gene can generally be 
used. 

[0073] A recombinant vector containing Dig gene can be prepared by inserting Dig gene 
into a suitable vector DNA. The vector DNA is not particularly limited as long as it can be 
replicated within a host. The vector DNA can be suitably selected in accordance with the 
kind of host and purpose of use. The vector DNA may be vector DNA obtained by 
extracting natural DNA, or may be vector DNA that is deficient in a part of DNA other than 
a segment necessary for replication. Typical vector DNAs include, for example, vector 
DNA derived from a plasmid, a bacteriophage or a virus. A plasmid DNA is exemplified by 
a plasmid derived from Escherichia coli, a plasmid derived from Bacillus subtilis, or a 
plasmid derived from yeast. A bacteriophage DNA is exemplified by a X phage. Vector 
DNA derived from a virus is exemplified by a vector derived from an animal virus such as a 
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retrovirus, vaccinia virus, adenovirus, papovavirus, SV 40, fowlpox virus, and pseudorabies 
virus, or a vector derived from an insect virus such as baculovirus. Further, vector DNA 
derived from a transposon, an insertion element, a yeast chromosome element, or the like, 
may be used. Alternatively, vector DNA prepared by combining two or more of these, for 
example, vector DNA (cosmid, phagemid, or the like) prepared by combining genetic 
elements of a plasmid and a bacteriophage may be used. It is necessary for Dig gene to be 
incorporated into vector DNA in such a way to allow the function of the gene to appear. The 
vector DNA contains at least Dig gene and a promoter, as construction elements. In addition 
to these elements, as desired, a genetic sequence that encodes information relating to 
replication and control may be incorporated in combination into the vector DNA, by using a 
well-known method. Such a genetic sequence is exemplified by a ribosome binding 
sequence, terminator, signal sequence, cis element such as an enhancer, splicing signal, and 
a selective marker such as dihydrofolate reductase gene, ampicillin-resistant gene and 
neomycin-resistant gene. The vector DNA may contain one or more kinds of genetic 
sequences selected from the aforementioned members. 

[0074] As a method of incorporating Dig gene into vector DNA, any known methods can 
be employed. Specifically, a method may be used which comprises cleaving Dig gene at 
specific sites, by treating it with suitable restriction enzymes, and then mixing it with a 
similarly treated vector DNA, for ligation using a ligase. Alternatively, a desired 
recombinant vector may be prepared by using a method that comprises ligating Dig gene 
with a suitable linker, and then inserting it into the multi-cloning site of a vector suitable for 
the desired purpose. 

[0075] A transformant prepared by transfecting a host with vector DNA into which Dig 
gene was introduced is useful for producing a protein encoded by Dig gene. Any 
prokaryotes and eukaryotes can be employed as a host. Examples of the prokaryotes include 
bacteria belonging to the Escherichia genus, such as, Escherichia coli, bacteria belonging to 
the Bacillus genus, such as, Bacillus subtilis, bacteria belonging to the Pseudomonas genus, 
such as, Pseudomonas putida, and bacteria belonging to the Rhizobium genus, such as, 
Rhizobium meliloti. Examples of the eukaryotes include yeasts, insect cells, and mammalian 
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cells. Yeasts are exemplified by Saccharomyces cerevisiae and Schizosaccharomyces 
pombe. Insect cells are exemplified by Sf9 cells and Sf2 cells. Mammalian cells are 
exemplified by monkey kidney-derived cells such as COS cells, Vero cells, Chinese 
hamster ovary cell s(CHO cell), mouse L cells, rat GH3 cells, human FL cells, and human 
293 EBNA cells. It is preferable to use mammalian cells. All known methods can be used 
for introducing vector DNA into a host. For example, a standard method described in 
publications (e.g. Muramatsu Masami., Ed., "Labomanual Genetic Engineering", 1988, 
Maruzen Co., Ltd.) may be utilized. When gene stability is a consideration, it is preferable 
to use a method that integrates the gene onto a chromosome. Meanwhile, it is convenient to 
use an autonomous replication system that utilizes an extranuclear gene. Specifically, 
calcium phosphate transfection, DEAE-dextran mediated transfection, microinjection, 
cationic lipid-mediated transfection, electroporation, transduction, scrape loading, ballistic 
introduction, infection, and the like, may be mentioned. When employing a prokaryote as a 
host, it is preferable to use a recombinant vector which is capable of autonomous replication 
within the bacterium and is also composed of a promoter, a ribosomal binding sequence, the 
polynucleotide of the present invention and a transcription termination sequence. It may 
also contain a gene that regulates the promoter. When employing bacteria as a host, any 
promoter may be used as long as it can lead to expression in bacteria such as Escherichia 
coli. For example, a promoter derived from Escherichia coli or a phage can be used, such as 
a trp promoter, lac promoter, PL promoter or PR promoter. An artificially designed and 
modified promoter such as a tac promoter may also be used. A method of introducing a 
recombinant vector into bacteria is not particularly limited, and any methods that introduce 
DNA into bacteria can be employed. Preferable examples of such a method include using 
calcium ions, electroporation, and the like. When employing a mammalian cell as a host, it 
is preferable to use the recombinant vector which is capable of autonomous replication 
within the cell and is also composed of a promoter, RN A splice site, a polynucleotide of the 
present invention, polyadenylated site and a transcription termination sequence. As desired, 
it may also contain an origin of replication. A SRa promoter, SV 40 promoter, LTR 
promoter, CMV promoter, and the like, can be used as a promoter. An early gene promoter 
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of cytomegalovirus, and the like, may be used, as well. As a method of introducing the 
recombinant vector into a mammalian cell, preferably, for example, electroporation, the 
calcium phosphate technique, lipofection, or the like, may be used. A most preferable 
method to be used may be lipofection. When using yeast as a host, the promoter is not 
particularly limited as long as it can lead to an expression in yeast. Examples of such a 
promoter include the gall promoter, gal 10 promoter, heat shock protein promoter, MFal 
promoter, PH05 promoter, PGK promoter, GAP promoter, ADH promoter, and AOX1 
promoter. A method of introducing a recombinant vector into yeast is not particularly 
limited as long as it is a method that introduces the DNA into the yeast. Preferable examples 
of such a method include electroporation, a spheroplast method, a lithium acetate method, 
or the like. When using an insect cell as a host, it is preferable to use a calcium phosphate 
technique, lipofection, or electroporation for a method of introducing a recombinant vector. 
[0076] A compound having an effect of enhancing the expression and/or function of Dig, 
can be obtained, for example, by an identification method using a Dig gene deficient non- 
human mammal. 

[0077] The present invention provides a method of identifying a compound comprising 
using a Dig gene deficient non-human mammal. The Dig gene deficient non-human 
mammal may be preferably a Dig gene heterozygous deficient non-human mammal, and 
more preferable a Dig gene heterozygous deficient mice. 

[0078] The present identification method comprises administering a compound to be 
tested (hereinafter referred to a test compound) to a Dig gene deficient non-human mammal, 
and measuring the expression and/or function of Dig in the mammal, which allows to obtain 
a compound having an effect of enhancing the expression and/or function of Dig. 
[0079] When measuring the expression of Dig and finding that the amount of expression 
of Dig in a Dig gene deficient non-human mammal subjected to administration of a test 
compound is increased compared to that in a Dig gene deficient non-human mammal not 
subjected to administration of the test compound, it can be determined that the test 
compound has an effect of enhancing the expression of Dig. 

[0080] When measuring the function of Dig and finding that the function of Dig in a Dig 
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gene deficient non-human mammal subjected to administration of a test compound is 
increased compared to that in a Dig gene deficient non-human mammal not subjected to 
administration of the test compound, it can be determined that the test compound has an 
effect of enhancing the function of Dig. As the function of Dig, for example, the function of 
enhancing the expression of sFRP can be mentioned. Therefore, a compound having an 
effect of enhancing the function of Dig can be obtained by measuring the expression and/or 
function of sFRP in the present identification method. When finding that the expression 
and/or function of sFRP in a Dig gene deficient non-human mammal subjected to 
administration of a test compound is increased compared to that in a Dig gene deficient 
non-human mammal not subjected to administration of the test compound, it can be 
determined that the test compound has an effect of enhancing the function of Dig. 
[0081] The present identification method comprising measuring the expression and/or 
function of sFRP instead of measuring the expression and/or function of Dig allows to 
obtain a compound having an effect of enhancing the expression and/or function of sFRP. 
[0082] When measuring the expression of sFRP and finding that the amount of expression 
of sFRP in a Dig gene deficient non-human mammal subjected to administration of a test 
compound is increased compared to that in a Dig gene deficient non-human mammal not 
subjected to administration of the test compound, it can be determined that the test 
compound has an effect of enhancing the expression of sFRP. 

[0083] When measuring the function of sFRP and finding that the function of sFRP in a 
Dig gene deficient non-human mammal subjected to administration of a test compound is 
increased compared to that in a Dig gene deficient non-human mammal not subjected to 
administration of the test compound, it can be determined that the test compound has an 
effect of enhancing the function of sFRP. As the function of sFRP, for example, the effect 
of inhibiting the Wnt signal transduction pathway can be mentioned. Therefore, a 
compound having an effect of enhancing the function of sFRP can be obtained by 
measuring the Wnt signal in the present identification method. When finding that the Wnt 
signal in a Dig gene deficient non-human mammal subjected to administration of a test 
compound is reduced or eliminated compared to that in a Dig gene deficient non-human 
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mammal not subjected to administration of the test compound, it can be determined that the 
test compound has an effect of enhancing the function of sFRP. 

[0084] The present identification method, comprising measuring tumor formation in a Dig 
gene deficient non-human mammal instead of measuring the expression and/or function of 
Dig, allows to obtain a compound having an effect of inhibiting tumor formation. When 
finding that the tumor formation in a Dig gene deficient non-human mammal subjected to 
administration of a test compound is reduced or eliminated compared to that in a Dig gene 
deficient non-human mammal not subjected to administration of the test compound, it can 
be determined that the test compound has an effect of inhibiting tumor formation. 
Measurement of tumor formation can be easily carried out by measuring the size, weight, 
and the like, of the tumor formed or of the tissue with tumor formed. 

[0085] A compound having an effect of enhancing the function of Dig obtained by the 
present identification method may be a compound having an effect of enhancing the 
function of sFRP, and a compound having an effect of inhibiting tumor formation. In 
addition, a compound having an effect of enhancing the function of sFRP may be a 
compound having an effect of inhibiting tumor formation. 

[0086] Measurement of the expression of Dig and sFRP can be carried out by measuring 
the transcription product of each of these genes, namely mRNA, or by measuring the 
translation product of the mRNA, namely protein. Any known gene detection methods can 
be used for measuring mRNA. Specifically, for example, Southern blotting, Northern 
blotting, the NASBA method, RT-PCR, plaque hybridization, colony hybridization, or the 
like, can be used. In addition, in situ RT-PCR, in situ hybridization, or the like, which 
allows cell level measurement can be used for the measurement. In such a gene detection 
method, it is useful for carrying out the measurement of a gene to use an oligonucleotide 
which consists of a partial sequence of the gene and has the property as a probe or a primer. 
The phrase "oligonucleotide having the property as a probe" means an oligonucleotide that 
is capable of specifically hybridizing only to the gene and consists of a characteristic 
sequence of the gene. The phrase "oligonucleotide having the property as a primer" means 
an oligonucleotide that is capable of specifically amplifying only a present polynucleotide, 
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and consists of a characteristic sequence of a present polynucleotide. A probe and a primer 
may have a nucleotide sequence consisting of, preferably from about 5 to 50 nucleotides, 
more preferably from about 10 to 35 nucleotides, and further preferably from about 15 to 30 
nucleotides. A labeled probe is normally used as the probe, but the unlabeled prove can also 
be used. Alternatively, the detection can also be carried out by measuring the specific 
binding to a ligand that was labeled directly or indirectly. Various methods are known for 
labeling a probe and a ligand. For example, nick translation, random priming, or a method 
utilizing kinase treatment may be used. Labeling substances suitable for use include a 
radioactive isotope, biotin, a fluorescent substance, a chemiluminescent substance, an 
enzyme, an antibody, and the like. PCR is preferable as a gene detection method from the 
viewpoint of sensitivity. Any well-known PCR methods can be employed using a primer 
capable of specifically amplifying Dig gene or sFRP gene. For example, RT-PCR may be 
employed. In addition, various modified PCR methods used in the art can be employed. In 
addition to detection of a gene, PCR allows quantitative measurement of a gene. Such an 
assay method may be exemplified by a competitive assay, such as an MSSA method, or 
PCR-SSCP, which is known as a mutation detection method that utilizes a change in 
mobility accompanying a structural change of a single-stranded DNA. 

[0087] Measurement of Dig and sFRP can be carried out by employing a protein detection 
method or a protein quantitation method which is conventionally used. For example, Dig 
and sFRP can be measured by carrying out immunoprecipitation using a specific antibody 
raised against Dig or sFRP, and then analyzing with Western blotting or immunoblotting. 
Further, the detection of Dig or sFRP in a paraffin tissue section or a frozen tissue section 
may be carried out by means of immuno-histochemical techniques using a specific antibody 
raised against Dig or sFRP. The preferable methods of detecting Dig or sFRP may be, for 
example, enzyme-linked immunosorvent assay (ELISA), radio immuno assay (RIA), 
immunoradiometric assay (IRMA), and immunoenzymometric assay (IEMA), including a 
sandwich method using a monoclonal antibody and/or a polyclonal antibody. Alternatively, 
radio immuno assay, competitive binding assay, and the like, may be employed. 
[0088] Measurement of the function of Dig can be carried out, for example, by measuring 
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the enhancement of the expression of sFRP, since the function of enhancing the expression 
of sFRP is one of the functions of Dig. 

[0089] Measurement of the function of sFRP can be carried out, for example, by 
measuring the binding of sFRP to Wnt or an inhibitory effect of sFRP on Wnt signal 
activation, since sFRP binds to Wnt and shows the inhibitory effect. The binding of sFRP to 
Wnt can be measured by a conventional binding assay. The inhibitory effect on sWnt signal 
activation can be determined by measuring the expression of P-catenin that increases with 
Wnt signal activation and then detecting inhibition of the expression. The expression of |3- 
catenin can be measured by a method similar to the method of measuring Dig expression. 
[0090] A route of administration of a test compound to a Dig gene deficient non-human 
mammal may be systemic administration or local administration. Either route can be 
employed. For example, parenteral administration including normal intravenous injection 
and intraarterial administration can be employed. Oral administration can be also employed. 
A test compound may be, for example, a compound in a chemical library or natural products, 
and the like. 

[0091] The method of identifying a compound according to the present invention can be 
conducted using a cell originating in a Dig gene deficient non-human mammal instead of 
using the mammal. It may be preferable to use a cell that is found to be deficient in one or 
both of Dig alleles, or a cell that is found to have a reduced expression and/or function of 
Dig. It may be more preferable to use a cell that is found to be deficient in one of Dig alleles. 
Analysis of the genotype of Dig allele can be carried out, for example, by PCR or Southern 
blotting method, as described later. An embryonic fibroblast may be preferably used as the 
cell. Further, in the present invention, it can be possible to use an immortalized cell 
prepared from a cell originating in a Dig gene deficient non-human mammal by using a 
well-known method. The preparation of an embryonic fibroblast from a mammal and the 
preparation of an immortalized cell can be carried out using known cell engineering 
techniques (Todaro G. J. et al., The Journal of Cell Biology, 1963, Vol. 17, p.299-313). 
[0092] The present identification method using a cell comprises contacting the cell with a 
test compound, and then measuring the expression of Dig in the cell. Where the amount of 
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expression of Dig in a cell contacted with a test compound is increased compared to that in 
a cell not contacted with the test compound, it can be determined that the test compound has 
an effect of enhancing the expression of Dig. When measuring the function of Dig instead 
of measuring the expression of Dig and finding that the function of Dig in a cell contacted 
with a test compound is increased compared to that in a cell not contacted with the test 
compound, it can be determined that the test compound has an effect of enhancing the 
function of Dig. 

[0093] A cell originating in a Dig gene deficient non-human mammal can be further used 
for conducting a method of identifying a compound having an effect of inhibiting 
methylation of sFRP gene and/or an effect of inducing demethylation of sFRP gene. The 
phrase "effect of inhibiting methylation of sFRP gene" means an effect of inhibiting the 
addition of a methyl group to sFRP gene at cytosine residues caused by DNA methyl 
transferase. The phrase "effect of inducing demethylation of sFRP gene" means an effect of 
removing the methyl group added to cytosine residues in sFRP gene. Both cells originating 
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in a Dig gene homozygous deficient non-human mammal and a Dig gene heterozygous 
deficient non-human mammal can be used in the identification method of a compound 
having such an effect. A Dig gene homozygous deficient mice show a significant reduction 
in the expression and/or function of sFRP compared to a Dig gene heterozygous deficient 
mice. Therefore, it may be suitable to use preferably a cell originating in a Dig gene 
homozygous deficient non-human mammal, more preferably a cell originating in Dig gene 
homozygous deficient mice in such an identification method. The identification method 
comprises contacting the cell with a test compound, and then measuring methylation of 
sFRP gene in the cell. Where the amount of methylation of sFRP gene in a cell contacted 
with a test compound is reduced, compared to that in a cell not contacted with the test 
compound, it can be determined that the test compound has an effect of inhibiting 
methylation of sFRP gene and/or an effect of inducing demethylation of sFRP gene. 
Methylation of sFRP gene can be measured by a well-known method. For example, 
bisulfate sequencing method (Suzuki, H. et al., Nature Genetics, 2002, Vol. 31, p.141-149), 
DMH (differential methylation hybridization) method using a micro array (Yan, P. S. et al., 
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Clinical Cancer Research, 2000, Vol. 6, p.1432-1438), methyl right method that is a real 
time PCR method using a fluorescent die (Trinh. B. N. et al., Methods, 2001, Vol. 25, 
p.456-462) can be employed. 

[0094] The present invention provides a Dig gene deficient non-human mammal and a cell 
originating in the mammal. A Dig gene deficient non-human mammal may be preferably a 
Dig gene heterozygous deficient non-human mammal, and more preferably a Dig gene 
heterozygous deficient mouse. A cell originating in a Dig gene deficient non-human 
mammal may be preferably a cell that has been found to be deficient in one or both of Dig 
allele, or to be reduced in the expression and/or function of Dig. The cell may be more 
preferably a cell that has been found to be deficient in one of Dig allele. Analysis of the 
genotype of Dig allele can be carried out, for example, by PCR or Southern blotting method, 
as described later. An embryonic fibroblast may be preferably used as the cell. Further, an 
immortalized cell prepared from a cell originating in a Dig gene deficient non-human 
mammal by using a well-known method is included in the scope of the present invention. 
[0095] The phrase "Dig gene deficient non-human mammal" means a mammal that was 
artificially made to be deficient in Dig gene, and thereby to be eliminated or reduced in the 
expression of Dig, which does not include human beings. A non-human mammal can by 
exemplified by a mouse, a rat, a hamster, a guinea pig, a bovine, a pig, a goat, or the like. It 
may be more preferably a mouse that is a rodent having relatively short ontogeny and 
biology cycle and is easily to breed. A Dig gene deficient non-human mammal can be 
prepared using genetic engineering techniques such as a gene targeting method by 
converting Dig gene in chromosome as desired (Gene targeting: a practical approach 
(Practical Approach Series 212), 2 nd Edition, 2000, Joyer, Alexandra L., Eds., published by 
Oxford University Print, etc.). The gene targeting method comprises preparing a construct 
(targeting vector) containing a Dig gene incapable of expression by using an isolated gene 
from a genome library, and then transfecting it into an ES cell to obtain a Dig gene mutant 
clone in which a homologous recombination has been occurred. The phrase "Dig gene 
incapable of expression" means a Dig gene that does not express Dig when transfecting it 
into a cell or a living body, resulting from introduction of a mutation such as a mutation that 
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inhibits the expression of Dig or a mutation that causes deletion of the function of the 
protein encoded by Dig gene. The introduction of a mutation in Dig gene can be carried out 
using known genetic engineering techniques, by deleting a part or a full of the nucleotide 
sequence of Dig gene, or by inserting of or substituting with the other gene. The 
introduction of such a mutation causes disruption of the function of a promoter or an exon, 
or causes shift of a codon reading frame, which results in allowing production of a knock 
out mouse with reduced or eliminated expression of Dig. Examples of a gene used for 
introduction in order to disrupt the function of a promoter or an exon include a drug 
resistant gene such as a neomycin resistant gene and a hygromycin resistant gene, and the 
like. A neomycin resistant gene may be preferably used. In addition to the genes 
exemplified here, any genes normally used in the gene targeting method may be used. An 
Es cell can be established from a blastocyst of a non-human mammal. As a mouse ES cell, 
TT2 ES cell can be used, which was established from a blastocyst of the first filial 
generation of a cross between a C57BL/6 mouse and a CBA/JNCrj mouse. A Dig gene 
mutant clone in which a homologous recombination has been occurred can be selected from 
ES cells which were transfected with a targeting vector by conducting a genotype analysis 
of the clones which were transfected with a targeting vector. PCR can be used for detecting 
deletion of Dig gene by using as a primer an oligonucleotide consisting of a partial 
sequence of Dig gene in the targeting vector or an oligonucleotide consisting of a partial 
sequence of a gene being introduced in order to disrupt the function of a promoter or an 
exon. The Southern blotting method allows detection of deletion in Dig gene by 
determining the size of the DNA using a prove such as DNA sequence of Dig gene or of the 
neighborhood of the gene. Alternatively, when a targeting vector was prepared using a drug 
resistant gene, a mutant clone can be easily selected by detecting drug resistance of the 
mutant clone. The thus obtained Dig gene mutant clone allows generation of a chimera that 
is constructed with a cell having a normal Dig gene locus and a cell having a mutated Dig 
gene locus, by injecting it into a blastocyst or an eight cell stage embryo of a non-human 
mammalian embryo and then transplanting it into a uterus of a pseudo pregnant congenic 
non-human mammal. A heterozygous deficient individual with the introduced mutation in 
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one of the homologous chromosomes or a homozygous deficient individual with the 
introduced mutation in both of the homologous chromosomes can be produced by mating 
the chimera with a wild type individual. Normally, such a mating results in production of a 
heterozygous deficient individual. A homozygous deficient individual can be produced by 
mating heterozygous deficient individuals with each other. 

[0096] A compound obtained by the identification method according to the present 
invention, which has an effect of enhancing the expression and/or function of Dig, may be 
used for an effective ingredient of an agent for enhancing the expression and/or function of 
Dig, an agent for enhancing the expression and/or function of sFRP, an agent for inhibiting 
tumor formation, or an agent for preventing and/or treating a tumor disease. A compound 
obtained by the present identification method, which has an effect of enhancing the 
expression and/or function of sFRP, may be used for an effective ingredient of an agent for 
inhibiting tumor formation, or an agent for preventing and/or treating a tumor disease. A 
compound obtained by the present identification method, which has an effect of inhibiting 
tumor formation, may be used for an effective ingredient of an agent for preventing and/or 
treating a tumor disease. In addition, A compound obtained by the aforementioned 
identification method, which has an effect of inhibiting methylation of sFRP and/or an 
effect of inducing demethylation of sFRP, may be used for an effective ingredient of an 
agent for inhibiting methylation of sFRP and/or an agent for inducing demethylation of 
sFRP, an agent for enhancing the expression and/or function of sFRP, an agent for 
inhibiting tumor formation, or an agent for preventing and/or treating a tumor disease. 
[0097] A compound obtained by the identification method according to the present 
invention and a medicament containing the compound as an effective ingredient are useful 
for elucidating the association of Dig with the mechanism of suppression of tumor 
formation and for preventing and treating a tumor disease. Further, use of at least one of the 
compounds and medicaments allows execution of a method of enhancing the expression 
and/or function of Dig, a method of inhibiting methylation of sFRP and/or a method of 
inducing demethylation of sFRP, a method of enhancing the expression and/or function of 
sFRP, a method of inhibiting tumor formation, or a method of preventing and/or treating a 
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tumor disease. For example, a method of enhancing the expression and/or function of Dig 
may be conducted by administering at least one of the aforementioned compounds and 
medicaments to a subject, or by contacting in vitro at least one of the aforementioned 
compounds and medicaments with a cell originating in a subject or a cultured cell, and the 
like. A method of inhibiting tumor formation or a method of preventing and/or treating a 
tumor disease may be conducted by administering at least one of the aforementioned 
compounds and medicaments to a subject. 

[0098] The agent for enhancing the expression and/or function of Dig, the agent for 
inhibiting methylation of sFRP and/or the agent for inducing demethylation of sFRP, the 
agent for enhancing the expression and/or function of sFRP, the agent for inhibiting tumor 
formation, or the agent for preventing and/or treating a tumor disease is preferably prepared 
as a pharmaceutical composition with one or more kinds of pharmaceutically acceptable 
carriers (pharmaceutical carriers). These medicaments can be used independently or in 
combination. An amount of the effective ingredient contained in the pharmaceutical 
composition can be suitably selected from a wide range. In general, a suitable amount may 
fall within a range of approximately 0.00001 to 70 wt%, preferably approximately 0.0001 to 
5 wt%. A pharmaceutical carrier may be diluents and excipients, which are generally used 
in accordance with the form of use of the pharmaceutical composition, such as a filler, an 
extender, a binder, a wetting agent, a disintegrator, and/or a lubricant. These can be suitably 
selected and used in accordance with the form of use of the pharmaceutical composition 
used. The pharmaceutical carrier may be, for example, water, a pharmaceutically acceptable 
organic solvent, collagen, polyvinyl alcohol, polyvinylpyrrolidone, carboxyvinyl polymer, 
sodium alginate, soluble dextran, sodium carboxymethyl starch, pectin, xanthan gum, acacia 
gum, casein, gelatin, agar, glycerin, propylene glycol, polyethylene glycol, vaseline, 
paraffin, stearyl alcohol, stearic acid, human serum albumin, mannitol, sorbitol and lactose. 
One or a combination of two or more kinds of these carriers may be suitably selected and 
used in accordance with the form of use of the pharmaceutical composition of the present 
invention. As desired, various ingredients used in conventional protein preparations can be 
suitably used herein for preparing the pharmaceutical composition, such as a stabilizer, a 
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bacteriocide, a buffer agent, an isotonizing agent, a chelating agent, a pH adjuster or a 
surfactant. As a stabilizer, the following may be used: human serum albumin, common L- 
amino acids, sugars and cellulose derivatives. These can be used independently or in 
combination with a surfactant, and the like. The use of these in such a combination may 
give increased stability to an effective ingredient. An L-amino acid is not particularly 
limited, and may be any one of glycine, cysteine, glutamic acid, and the like. A sugar is not 
particularly limited, and may be any one of the monosaccharides (such as glucose, mannose, 
galactose, and fructose), sugar alcohols (such as mannitol, inositol, and xylitol), 
disaccharides (such as sucrose, maltose, and lactose), polysaccharides (dextran, 
hydroxypropylstarch, chondroitin sulfate, and hyaluronic acid), derivatives thereof, and so 
on. A cellulose derivative is not particularly limited, and may be any one of methylcellulose, 
ethylcellulose, hydroxyethylcellulose, hydroxypropylcellulose, 

hydroxypropylmethylcellulose, sodium carboxymethylcellulose, and the like. A surfactant 
is not particularly limited, and can be both an ionic surfactant and a non-ionic surfactant. As 
a surfactant, the following may be used: polyoxyethylene glycol sorbitan alkyl ester base; 
polyoxyethylene alkyl ether base; sorbitan monoacyl ester base; or a fatty acid glyceride 
base. As a buffer agent, the following may be used: boric acid; phosphoric acid; acetic acid 
citric acid; £-aminocaproic acid; glutamic acid; and/or a salt thereof, for example, an alkali 
metal salt and/or an alkaline earth metal salt, such as a sodium salt, a potassium salt, a 
calcium salt and a magnesium salt. As an isotonizing agent, the following may be used: 
sodium chloride; potassium chloride; sugars or glycerin. As a chelating agent, sodium 
edentate and citric acid may be used. 

[0099] The medicaments and the pharmaceutical compositions described in the above can 
be used as solution preparations. Alternatively, they can be freeze-dried, so as to be in a 
good state for preservation. They can be used by dissolving them in water, a buffered 
solution containing saline and the like, and then adjusting them to a suitable concentration, 
at the time of use. 

[0100] Suitable dosage ranges of the medicaments and the pharmaceutical compositions 
described in the above are not particularly limited, and can be determined in accordance 
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with the following: effectiveness of the ingredients contained therein; the administration 
form; the route of administration; the type of disease; the characteristics of the subject (e.g., 
body weight, age, symptomatic conditions, and whether a subject is taking other 
pharmaceutical agents); and the judgment of a physician in charge. In general, a suitable 
dosage may fall, for example, within a range of about 0.01 \ig to 100 mg, per 1 kg of the 
body weight of the subject, and preferably within a range of about 0.1 |ig to 1 mg, per 1 kg 
of the body weight. However, the dosage may be altered using conventional experiments for 
optimization of a dosage that are well known in the art. The aforementioned dosage can be 
divided for administration once to several times a day. Alternatively, periodic 
administration once every few days or few weeks can be employed. 

[0101] The aforementioned medicaments or the aforementioned pharmaceutical 
compositions can be applied for a disease due to the reduced or eliminated expression 
and/or function of sFRP due to the reduced or eliminated expression and/or function of Dig, 
for example, a tumor disease. In the case of application for a tumor disease, the type of a 
tumor being subjected to the application is not particularly limited. They can be applied for 
both solid tumors and non-solid tumors. Since Dig gene is expressed ubiquitously in many 
tissues and cells, it can be considered that an abnormal expression of Dig or a reduced 
function of Dig due to a mutation, and the like induces tumor formation in a various kind of 
tissues and cells. Therefore, the types of solid tumors and non-solid tumors are not 
particularly limited as well. They can be applied for any kinds of tumors. Specifically, they 
can be applied for the solid tumors such as stomach cancer, esophageal cancer, colorectal 
cancer, small intestinal cancer, duodenum cancer, lung cancer, liver cancer, gall bladder 
cancer, pancreatic cancer, kidney cancer, urinary bladder cancer, oral cancer, bone cancer, 
skin cancer, breast cancer, uterus cancer, prostate cancer, brain tumor, neurofibroblastoma, 
and the like. Further, they can be applied for the non-solid tumors such as leukemia, 
malignant lymphoma, and the like. Preferably, they may be suitably applied for a tumor in 
which the reduced expression and/or function of Dig, or a mutation of Dig gene or Dig has 
been found. More preferably, they may be suitably applied for skin cancer and lymphoma, 
since skin cancer and lymphoma was formed in Dig +/- mice. When administering the 
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aforementioned medicaments or the aforementioned pharmaceutical compositions, they can 
be used independently. Alternatively, they can be used in combination with the other 
compound or medicament required for preventing and/or treating the disease for which the 
present medicaments or the present pharmaceutical compositions are applied. For example, 
when using the aforementioned medicaments or the aforementioned pharmaceutical 
compositions in a method of preventing and/or treating a tumor disease, they can be used in 
combination with an agent for preventing and/or treating a tumor disease which is different 
from the medicaments or the pharmaceutical compositions. 

[0102] In terms of a route of administration, it may be either systemic administration or 
local administration. The route of administration that is appropriate for a particular disease, 
symptomatic condition, or other factors, should be selected. For example, parenteral 
administration including normal intravenous injection, intraarterial administration, 
subcutaneous administration, intracutaneous administration, and intramuscular 
administration can be employed. Oral administration can be also employed. Further, 
transmucosal administration or dermal administration can be employed. In the case of use 
for a cancer disease, it is possible to employ a direct administration into the tumor by 
injection, and the like. 

[0103] In terms of an administration form, various forms can be selected in accordance 
with a treatment purpose. For example, a solid formulation may be employed such as a 
tablet, pill, powder, powdered drug, fine granule, granule or a capsule. Alternatively, a 
liquid formulation can be employed such as an aqueous formulation, ethanol formulation, 
suspension, fat emulsion, liposome formulation, clathrate such as cyclodextrin, syrup or an 
elixir. These can be further classified, according to the administration route, into an oral 
formulation, parenteral formulation (drip injection formulation or injection formulation), 
nasal formulation, inhalant formulation, transvaginal formulation, suppositorial formulation, 
sublingual agents, eye drop formulation, ear drop formulation, ointment formulation, cream 
formulation, transdermal absorption formulation, transmucosal absorption formulation, and 
the like, which can be respectively blended, formed and prepared according to conventional 
methods. 
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[0104] A gene therapy agent, comprising as an effective ingredient Dig gene or a 
transfection vector containing the gene, can be used for enhancing the expression and/or 
function of Dig. The gene therapy agent may be a gene therapy agent comprising as an 
effective ingredient a cell into which the gene was introduced by the vector. A gene therapy 
agent is preferable to be prepared normally as injection formulation, drip injection 
formulation, or a liposome formulation. In the case that a gene therapy agent can be 
prepared as a form containing a cell with the gene introduced in it, it may be prepared as a 
form in which the cell is formulated in a phosphate buffered physiological saline (pH 7.4), 
Ringer's solution, or intracellular solution for injection formulation. A gene therapy agent 
can be prepared as a form that allows the administration in combination with the substance 
capable of enhancing transfection efficiency such as protamin, and the like. A gene therapy 
agent can be divided for administration once to several times a day. Alternatively, periodic 
administration once a day or few weeks can be employed. Suitable dosage ranges of a virus 
vector containing a desired gene may normally fall within a range of, for example, if using a 
retrovirus vector, about 1 x 10 3 pfu to 1 x 10 5 pfu per 1 kg of the body weight a day in terms 
of retrovirus titer. Further, when using a preparation containing a cell with a desired gene 
introduced in it, suitable dosage ranges may be selected from a range of about 1 x 10 4 
cells/human to 1 x 10 15 cells/human. Treatment methods using a gene therapy agent include 
both methods of an in vivo method comprising introducing the aforementioned gene 
directly into the body, and an exo vivo method comprising introducing the gene in vitro into 
a target cell obtained from a patient's body and then bringing the cell back to the body. It is 
preferable to use in vivo method. As a method of introducing a gene into a body or a cell, 
both a non-viral transfection method and a transfection method utilizing a virus vector may 
be employed. A non-viral transfection method is more preferable, because it is superior in 
safety and in easiness and is low-cost compared to a method utilizing a virus vector. A non- 
viral transfection method may be exemplified by the following methods: a calcium 
phosphate co-precipitation method; a naked DNA method that comprises injecting a 
plasmid DNA directly into a target tissue in vivo; a cationic liposome method that 
comprises introducing a gene encapsuled in a multilamellar cationic liposome to a cell; a 
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method, so called a gene gun, which comprises physically introducing plasmid DNA-coated 
gold into a cell by high pressure shootings; a method using a fusogenic liposome prepared 
by fusing an inactivated sendai virus with a liposome in which DNA is encapsuled; a 
method using a ligand-DNA complex that consists of DNA and a ligand capable of binding 
to a receptor expressed in a target tissue or a target cell; and a immunoliposome method that 
uses an immunoliposome prepared by binding an antibody capable of binding to a surface 
of a target tissue or a target cell to a surface of a liposome. Beside, a know transfection 
method that uses a polymer, a peptide, or the like, may be used. A non-viral transfection 
method is not limited to the methods exemplified in the above, and can be any methods as 
long as it allows transfection of a target gene or a target cell with a gene, without using a 
virus vector. A transfection method using a virus vector may preferably uses, for example, a 
retrovirus vector as a vector used for transfection. In addition to a retrovirus vector, an RNA 
virus vector, a DNA virus vector such as an adenovirus vector, an adeno-associated virus 
vector, a vaccinia virus vector, a herpes virus vector, and the like, may be used. The use of 
these virus vectors allows an efficient administration. Further, a transfection method using a 
virus vector that uses a liposome for administration in which a virus vector is encapsuled 
may be favorably employed. The use of a liposome allows an efficient transfer of a target 
substance to a target cell or a target tissue. Therefore, it can be considered that a mixed 
treatment with a virus vector and liposome may show a high efficacy. In addition, it is 
known that a liposome is relatively stable and shows no major immune response in a 
treatment using a liposome, which suggests the usefulness of such a mixed treatment. A 
liposome may be preferably exemplified by a liposome prepared from cationic lipids. A 
transfection vector can be introduced into a cell by using a various kind of methods for 
introducing DNA into a cell which have been already known in the art, such as 
electroporation, calcium phosphate co-transfection method, viral transfection, or the like. A 
transformed cell itself can be utilized in an isolated condition as a model system for a 
research for pharmaceuticals and treatment. A gene to be introduced for producing a 
transfection vector can be obtained based on the nucleotide sequence information of Dig 
gene by using conventional genetic engineering techniques as described in the above. A 
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target tissue and a target cell to be transfected with a gene can be suitably selected for use in 
accordance with a subject of a gene therapy. A target cell is exemplified by a lymphocyte, 
fibroblast, hepatocyte, hemopoietic stem cell, and the like, but not limited thereto. Dig gene 
can be introduced in any tissues and cells as long as the desired function of Dig gene allows 
improvement and/or treatment of a target disease. 

[0105] Diagnosis of a tumor disease can be conducted by detecting the expression and/or 
function of Dig, because the reduced expression and/or function of Dig were found to be an 
important factor in tumor formation. 

[0106] The present invention provides a method of examining whether a test tissue is 
derived from a tumor tissue or a tumor cell, which comprises measuring the reduced 
expression and/or function of Dig gene in a test tissue. 

[0107] The present examination method comprise measuring the expression and/or 
function of Dig gene in a specimen to be tested (test specimen), and detecting change of the 
expression and/or function, in comparison to a normal control specimen. Where the 
expression and/or function of Dig is reduced or eliminated in comparison to a normal 
control specimen, it can be determined that the specimen is derived from a tumor tissue or a 
tumor cell. 

[0108] The measurement of the expression of Dig can be carried out by measuring the 
amount of RNA and/or cDNA derived from Dig gene, or Dig. The change of the presence 
or the change in amount of RNA and/or cDNA derived from Dig gene, or Dig can be 
detected in comparison to a normal control specimen. The measurement of the expression 
and/or function of Dig can be carried out using the method described in the above. 
[0109] The test specimen is not particularly limited, and any tissues and cells originated in 
living organism can be used. For example, a specimen derived from a living organism such 
as blood, urine, saliva, spinal fluid, biopsy tissue or autopsy material, and the like, may be 
used as a test specimen. As desired, a nucleic acid may be extracted from a test specimen to 
prepare a nucleic acid sample for use. A nucleic acid may be enzymatically amplified by 
employing PCR or other amplification methods. A nucleic acid sample may also be 
prepared according to various methods for facilitating detection of a target sequence, for 
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example, denaturation, digestion with restriction enzyme, electrophoresis, or dot blotting. 
[0110] Hereinafter, the present invention may be explained more specifically with the 
following examples. 

Example 1 

[0111] Generation of Knockout Mice 

<Materials and Methods> 

1 . Construction of a Targeting Vector 

A genomic mouse Dig (mDlg) DNA was isolated from a TT2 genomic library by 
screening with an amino-terminal region (amino acids 1-112) of the mDlg cDNA. The 
isolated clone was subcloned into the EcoRJ site of pBluescript II (Stratagene). Targeting 
was designed to replace the BamHI-XhoI region of the mDlg gene with the neomycin 
resistant gene. The short arm of homology was a 0.8-kb BamHI-Clal genomic fragment of 
midstream of exon 2, and the long arm was a 9.5-kb Clal-Xhol fragment. The neomycin 
resistant gene without promoter and polyadenylation signal was inserted into the Clal site of 
the mDlg fragment by blunt-end ligation and in-frame fusion. The vector was subcloned 
into pBluescript II and linearized with Notl. 
[0112] 2. ES cells and Transfection 

TT2 ES cells were established from the first filial generation (Fl) blastocyst 
between C57BL/6 and CBA/JNCrj mice and cultured on feeder cells. As the feeder cells, 
mitomycin C (Sigma)-treated primary fibroblasts prepared from El 4 mouse embryos were 
used. As the culture medium, a culture medium with a following composition was used: 
Dulbecco's modified Eagle's medium (DMEM) (NISSUI) supplemented with 15% Serum 
Replacement (Gibco BRL), 1000 U/ml leukemia inhibitory factor (Gibco BRL), 0.1 mM 2- 
mercaptoethanol (Sigma), and 1 x non-essential amino acids (Gibco BRL). TT2 ES cells (2 
x 10 cells) in 0.4 ml of phosphate buffered physiological saline (PBS) were transfected 
with 50 fig of Notl-linearized targeting vector by electroporation using a Bio-Rad Gene 
Pulsar (set at 800 V and 3.0 mFD). The obtained cells were plated in several dishes, and 
then positive selection using 150 ^ig/ml of G418 was started from the following day. Ten 
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days after the electroporation, colonies were picked up and trypsinized; 80% of the cell 
suspension was plated on new feeder cells, and the rest was subjected to PCR analysis to 
detect mDlg recombinant clones. PCR was performed for 30 cycles using EX taq 
polymerase (TaKaRa); each cycle consisted of denaturation at 94 °C for 1 min, annealing at 
60 °C for 1 min, and polymerization at 72 °C for 3 min. The sequence of the sense primer 
and the antisense primer were shown in below. 

[0113] sense primer: 5 ATGCCGGTCCGG AAGC AAGA-3 ' (SEQ ID NO: 5) 

antisense primer: 5 '-TCTTC ATCCTG ATACCTGTA-3 ' (SEQ ID NO: 6) 
[0114] 3. Generation of Chimeras 

The generation of chimeras was carried out according to the method described in 
publications ("Gene Targeting: Generation of a mutant mouse using an ES cell (Biomanual 
series 8)" Shinichi Aizawa, Yodosha, p. 119-134; etc.). Specifically, chimeras were 
generated by injecting about ten ES cells treated as above into a single 8-cell stage ICR 
mouse embryo and transplanting the embryos into the uterus of pseudo-pregnant females. 
Genotypes of the obtained mice were determined by the method described later. After that, 
Dig +/+ mice, Dig +/- mice and Dig -/- mice were generated by mating. 
[0115] 4. Genotyping of Wild-type and Mutant Alleles 

Genotypes of newborn and adult mice were routinely assessed by PCR analyses. 
The wild-type allele was identified as a 5 03 -bp product in PCR analysis with primers in the 
sense (5 '-GCTGTC AGTCC AC AGCTAAC AC AGGCTACT-3 ' (SEQ ID NO: 7)) and 
antisense (5 '-TGTCCTAAGTTAAGGACC ATCTAGAGAGCC-3 ' (SEQ ID NO: 8)) 
oligonucleotides of the mDlg gene. The mutant allele was identified as a 273-bp product in 
PCR analysis with a primer in the sense strand oligonucleotide (5'- 
TCGTGCTTTACGGTATCGCCGCTCCCGATT-3' (SEQ ID NO: 9)) of the neomycin 
resistant gene and the antisense oligonucleotide (SEQ ID NO: 8) of the mDlg gene. 
[0116] For Southern blot analysis, 10 (ag of DNA derived from tails of newborn mice was 
digested with EcoRI, electrophoresed on a 0.8% agarose gel, blotted onto nitrocellulose 
filter (Hybond-N+; Pharmacia), and hybridized with digoxigenin labeled 5' probe. 
[0117] 5. Analysis of Dig Protein Expression 



38 



New born mice brain lysates were subjected to SDS-PAGE followed by immuno 
blotting with anti-Dig antibody. Specifically, brains were collected from new born mice and 
homogenized with an appropriate volume of lysis buffer (Tris (pH 7.4) 100 mM, NaCl 150 
mM, 1% Triton, NaF 50 mM, Na 2 Mo0 4 50 nM, Na 3 V0 4 1 mM, aprotinin 10 jig/ml, 
leupeptin 10 |J,g/ml). Then, centrifugation was carried out at 15,000 rpm for 20 min at 4 °C 
to collect the supernatant for use as brain lysates. The brain lysates were subjected to SDS- 
PAGE with 6% polyacrylamide gel. Gel and membrane (Immobilon-P, MILLIPORE) were 
sandwiched with each four filter papers soaked with transfer buffer (glycine 2.92 g, Tris 
5.81 g, SDS 0.375 g, methanol 200 ml/1000 ml), and then subjected to the current of 1.4 
mA/cm filter paper for 1 hr for transfer. The membrane was subjected to blocking for 30 
min in Tris buffered physiological saline (TBS) containing 5% skim milk. The Dig antibody 
(Transduction) diluted with TBS containing 5% skim milk was dropped down on the 
membrane and incubated for 1 hr. After washing with TBS containing 0.1% Tween for 5 
min, alkaline phosphatase-conjugated anti-mouse IgG antibody (Promega) diluted with TBS 
was dropped down on the membrane and incubated for 30 min. After washing with TBS 
containing 0.1% Tween for 5 min, the membrane was soaked in AP buffer (Tris 100 mM, 
NaCl 100 ml, MgCl 2 5mM) containing NBT/BCIP (Promega) for color development to 
detect the expression of Dig. 
[0118] <Results> 

Figure 1 -A shows Dig Locus, targeting vector construct, and Dig gene introduced 
by homologous recombination. 

[0119] Figure 1-B shows results of Southern blot analysis of tail DNA from each mouse of 
the third filial generation using 5' probe. In Dig +/+ mice, only an internal EcoRI fragment 
was detected. In Dig -/- mice, only a mutated EcoRI fragment was detected. In Dig +/- mice, 
both an internal EcoRI fragment and a mutated EcoRI fragment were detected. 
[0120] Figure 1 -C shows results of genotyping of each mouse of the third filial generation 
using tail DNA from each mouse. The genotype of the alleles was found to be wild-type in 
Dig +/+ mice and mutant in Dig -/- mice. In addition, it was found that Dig +/- mice have 
both alleles of wild-type and mutant. 
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[0121] Figure 1-D shows analysis results of the expression of Dig in each mouse of the 
third filial generation. Dig was detected in Dig +/+ mouse and Dig +/- mouse. The amount 
of Dig detected in Dig +/- mouse was less than that in Dig +/+ mouse. In contrast, Dig was 
not detected in Dig -/- mouse. 

[0122] Thus, Dig +/- mice and Dig -/- mice were obtained by using the aforementioned 
targeting vector. An embryo, newborn mice, and adult mice were obtained for Dig +/- mice. 
On the other hand, no adult mice were obtained for Dig -/- mice, because of its death shortly 
after birth: however, an embryo and newborn mice were obtained. Dig +/- mice showed the 
reduced expression of Dig, while Dig -/- mice showed no expression of Dig. 

Example 2 

[0123] Dig +/- mice showed tumor formation in skin and lymph nodes along with the 
growth. These tumors were subjected to the following analysis. 
[0124] <Method> 

1 . Immuno-histochemical Analysis 

Skin tumor tissues of Dig +/- mice were used for preparing tissue sections in 
accordance with a conventional method. The tissue sections were subjected to DAB staining. 
Specifically, the tissue sections were formalin-fixed and paraffin-embedded. After blocking 
in Supermix (0.25% gelatin and 0.5% Triton X-100) overnight, the sections were incubated 
overnight with anti-cytokeratin AE1/AE3 antibody and anti-Dig antibody, washed three 
times in PBS for 10 min. Then, the sections were incubated for 1 hr with biotinylated anti- 
mouse rabbit IgG and anti-rabbit goat IgG (Vector) diluted to 1/250 with Supermix. The 
sections were then washed four times in PBS for 10 min, incubated with the ABC reaction 
mixture (Elite ABC Kit; Vector, PK-6100) diluted to 1/400 with Supermix for 1 hr. 
Subsequently, the sections were washed three times in PBS for 10 min and incubated for 5 
min with DAB solution (0.2 mg/ml DAB, 3 mg/ml Nickel ammonium 0.0045% H 2 0 2 in 
PBS). All incubations were performed at room temperature. 
[0125] 2. Hematoxilin-eosin Staining 

Lymph nodes of Dig +/- mice were used for preparing tissue sections in accordance 
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with a conventional method. The tissue sections were subjected to hematoxilin-eosin 
staining. 

3. Analysis by Flow Cytometry 

Cervical lymph nodes were excised from Dig +/- mice that showed tumor 
formation. Lymph node cells were prepared from the lymph nodes by mincing softly to 
dissect the tissue and filtering through a 1 00 jam mesh filter to remove tissue fragments and 
cell aggregates. Lymph node cells prepared from cervical lymph nodes of Dig +/+ mice in a 
same manner were used as a control for comparison. The obtained cells were stained with 
fluorescein isothiocyanate (FITC)-conjugated anti-CD56 antibody and analyzed by flow 
cytometry in a FACScan flow cytometer. 
[0126] <Results> 

The skin tumor tissue sections of Dig +/- mice were partially positive with 
cytokeratin AE1/AE3 staining. The tumor that was formed was considered to be poroid 
hidradenoma that was derived from skin epithelial cells. The skin tumor tissue sections 
showed Poroid hidradenoma cells not stained with anti-Dig antibody, but showed muscle 
stained with anti-Dig antibody. 

[0127] The tumor formation was detected in the tissue sections of the lymph nodes of Dig 
+/- mice by hematoxilin-eosin staining. In addition, a significant increase of the cells being 
stained with FITC-conjugated anti-CD56 antibody was found in the cells prepared from the 
cervical lymph nodes of Dig +/- mice that showed tumor formation (Figure 2-B), compared 
to that in the cells prepared from the lymph nodes of Dig +/+ mice (Figure 2-A). Figure 2-A 
and Figure 2-B showed the cells being stained with FITC-conjugated anti-CD56 antibody as 
the dots in the region shown by "R2" (in the figure, the region surrounded by a square on 
the right side). The dots in R2 are significantly more in Figure 2-A compared to in Figure 2- 
B, which revealed that the cells being stained with FITC-conjugated anti-CD56 antibody 
was significantly increased in the lymph nodes of Dig +/- mice. The cells being stained with 
FITC-conjugated anti-CD56 antibody were observed in approximately 0.10% of the lymph 
node cells of Dig +/- mice, while those were observed in approximately 66.03% of the 
lymph node cells of Dig +/- mice that showed tumor formation. These findings revealed that 
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Dig +A mice formed lymphoma that contained cells having CD56 antigens on the cell 
surface in lymph nodes. It was considered that the lymphoma formed was natural killer 
lymphoma because it has CD56 antigen on the cell surface. 

[0128] These results revealed that Dig +/- mice formed skin tumor and lymphoma. Dig 
was expressed in normal cells in skin tissue in which tumor was formed. In contrast, Dig 
was not expressed in tumor cells. Therefore, the reduced expression and/or function of Dig 
can be considered to be an important factor for tumor formation. 

[0129] Thus, it was found that Dig gene deficiency led to the reduced expression and/or 
function of Dig resulting in formation of tumor such as skin tumor, lymphoma, and the like. 

Example 3 

[0130] In order to examine the mechanism of tumor formation due to Dig deficiency, it 
was conducted to search for a gene of which expression changes due to Dig deficiency. The 
search for a gene was carried out by a conventional micro array method using mouse 
embryonic fibroblasts (MEFs) derived from Dig +/+ mice and Dig -A mice which were 
generated in Example 1 . As a result, Dig -A mice derived MEFs showed reduction in sFRPl 
mRNA and in sFRP2 mRNA. Then, further analysis for changes in sFRP gene and in 
sFRP2 gene was carried out by RT-PCR. 
[0131] <Materials and Methods> 
1 . Cells and Culture 

Mouse embryonic fibroblasts (MEFs) were obtained from 13. 5 -day-old embryos of 
Dig +/+ mice and Dig -A mice. Immortalized MEFs were generated from primary MEFs by 
an established procedure (Todaro G. J. et aL, The Journal of Cell Biology, 1963, Vol. 17, 
p.299-313). MEFs were maintained in DMEM containing 10% fetal bovine serum (FBS) 
and antibiotics. 

[0132] 2. Enrichment of Dlg-transfected MEFs by Auto-MACS 

Dig -/- immortalized MEFs were transfected with Dig by using the pMKitneo-Dlg 
vector that allows the expression of mouse Dig gene. To selectively enrich for Dlg- 
transfected MEFs, Dig -A immortalized MEFs were co-transfected with the pMKitneo-Dlg 
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vector and the pMACS k k II vector that allows the expression a truncated H2-k k molecule 
(the nucleotide sequence of the gene was set forth in SEQ ID NO: 10). MEFs were 
harvested 24 h after co-transfection, re-suspended in PBE (PBS with 5 mM ethylenediamine 
tetra-acetic acid (EDTA)) buffer, and incubated with MACSelect k k microbeads for 15 min 
followed by magnetic separation. 
[0133] 3 . RT-PCR Analysis 

Total RNA was extracted from MEFs using ISOGENE (Nippon Gene). Total RNA 
(5 jug) was used to produce cDNA using Superscript III reverse transcriptase (Invitrogen) 
according to manufacturer's protocol. The PCR cycling parameters are 94 °C for 1 min; 
then followed by 30 cycles at 94 °C for 30 sec, 55 °C for 30 sec and 72 °C for 1 min with a 
final extension at 72 °C for 1 0 min after the last cycle. 
[0134] <Results> 

MEFs (#33 primary and # 44 primary) were generated from two mouse lines (#33 
and #44). The mouse lines #33 and #44 were, respectively, generated using clones obtained 
from different dishes among several dishes in which cells transfected with targeting vector 
by electroporation were plated and subjected to drug selection. As for #33 derived MEFs, 
immortalized MEFs were also generated. RNA samples respectively extracted from Dig +/+ 
MEFs and Dig -A MEFs were examined for sFRPl and sFRP2 expression by RT-PCR. 
They were also examined for the expression of actin in the same manner for control. 
[0135] These three distinctive Dig -/- MEFs showed reduced expression of sFRP mRNA 
and sFRP2 mRNA compared to Dig +/+ MEFs (Figure 3). The reduction was more 
significant in sFRP2 mRNA than in sFRPl mRNA. There was no difference in amount of 
actin mRNA. 

[0136] RNA samples respectively extracted from Dig +/+ immortalized MEFs, Dig -/- 
immortalized MEFs and Dlg-transfected Dig -/- immortalized MEFs were examined for 
sFRP2 and sFRPl expression by RT-PCR. In addition, detection of Dig was carried out for 
each cell by western blotting. As a result, Dig was detected in Dig +/+ immortalized MEFs, 
but not detected at all in Dig -/- immortalized MEFs. In contrast, Dig was detected in Dlg- 
transfected Dig -/- immortalized MEFs (Figure 4). sFRP2 mRNA was significantly reduced 
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in Dig -/- immortalized MEFs compared to in Dig +/+ immortalized MEFs (Figure 4). 
sFRP2 mRNA in Dlg-transfected Dig -/- immortalized MEFs was increased compared to in 
Dig non-transfected one (Figure 4). 

[0137] These results revealed that Dig deficiency led to inhibition of the expression of 
sFRPl and sFRP2, particularly of sFRP2. In addition, it was found that Dig transfection 
allowed enhancement of the sFRP2 expression. 

INDUSTRIAL APPLICABILITY 

[0138] The present invention is useful for the purpose of molecular-level elucidation of the 
mechanism of tumor formation such as the formation of skin tumor or lymphoma. Further, 
the present invention can be utilized in developing an agent for or a method of inhibiting 
tumor formation, and in developing an agent for or a method of preventing or treating a 
cancer disease. Thus, the present invention is extremely useful in a field for pharmaceutical 
research, pharmaceutical development and so on. 

GENERAL DESCRIPTION OF THE SEQUENCES 
[0139] SEQ ID NO: 1 : human Dig (discs large) gene 

SEQ ID NO: 2: human Dig (discs large) 

SEQ ID NO: 3: mouse Dig (discs large) gene 

SEQ ID NO: 4: mouse Dig (discs large) 

SEQ ID NO: 5: a designed oligonucleotide for use as a primer. 
SEQ ID NO: 6: a designed oligonucleotide for use as a primer. 
SEQ ID NO: 7: a designed oligonucleotide for use as a primer. 
SEQ ID NO: 8: a designed oligonucleotide for use as a primer. 
SEQ ID NO: 9: a designed oligonucleotide for use as a primer. 
SEQ ID NO: 10: H2-k k gene 
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